, and 60 A. Exciton-resonant, femtosecond TI-FWM was carried out on each sample at five temperatures between 4 and 70 K and five excitation densities between 0.5 and 2.5 X lo9 cmp2. Acquisition of this large data set of 175 TI-FWM delay scans is made possible by the use of fastscan time-delay techniques. Exponential fits to the data, assuming a photon-echo configuration, yield measured values of y. Linear fits to these y values at low temperature (<50 K) for a given excitation density provide the exciton-acoustic-phonon scattering parameter, CY, for a particular sample and confirmed CY to be independent of excitation density.
lium arsenide (GaAs) substrates. All samples h a y a constant cadmium fraction of 18% and 80 A barrier width. The samples have 20 wells ?fnominalwidths : 10,15,20,25,30,40 , and 60 A. Exciton-resonant, femtosecond TI-FWM was carried out on each sample at five temperatures between 4 and 70 K and five excitation densities between 0.5 and 2.5 X lo9 cmp2. Acquisition of this large data set of 175 TI-FWM delay scans is made possible by the use of fastscan time-delay techniques. Exponential fits to the data, assuming a photon-echo configuration, yield measured values of y. Linear fits to these y values at low temperature (<50 K) for a given excitation density provide the exciton-acoustic-phonon scattering parameter, CY, for a particular sample and confirmed CY to be independent of excitation density.
The well-width dependence of the excitonacoustic-phonon scattering parameter, CY, is shown in Fig. 1 , It exhibits a pronounced peak at around 20 A with lower values on either side. The dashed line in Fig. 1 is obtained from a model based on an infinite depth quantum well3 using literature values for the material parameters. Two contributions are included, namely, deformation potential and piezoelectric scattering. The dominant deformation potential scattering rate is inversely proportional to well width and this model accurately reproduces the observed wide-well behavior. The dependence ofthe scattering rate on well width reflects the spatial extent of the wavefunction, however, in the narrow well regime this extent is not defined simply by the well-width and the infinite-depth quantum-well model breaks down. Qualitatively the inverse well-width dependence should be replaced by an inverse dependence on the spread of the exciton wave function. An accessible measure of this spread is the exciton binding energy. We show in Fig.  1 the exciton-binding energy as determined from low-temperature linear absorption spectra fitted to an eight-band k.p model. The rollover in the exciton binding energy, which is due to the reduced quantum confinement, also peaks at a well width of around 20 A. Thus the reduced exciton-acoustic-phonon scattering in the narrow well regime is due to a reduced quantum confinement.
In conclusion, we have observed that the maximum of both the exciton-acoustic-phonon scattering parameter and the exciton binding energy occur at a similar well width indicating that the exciton-acoustic-phonon scattering rate is also directly correlated to the degree of quantum confinement.
1. J. Shah, Ultrafast Spectroscopy in Semiconductors, (Springer, Berlin 1996 The effect of phonon scattering on both exciton linewidth and dephasing time in bulk semiconductors and confined systems has attracted a lot of interest in the last 15 years. Most of the work in low-dimensional structures has been dedicated to GaAs/AlGaAs quantum well structures; linewidth broadening coefficients of -2 peV/K for acoustic phonons and -10 meV for optical phonons are reported by Gammon et al.' Moreover, contradictory results for the well-width dependence of these coefficients are reported.
In this work, we studied the temperature dependence of the exciton dephasing time in three Ino~,,Gao~,,As/GaAs single quantum wells, with well thickness L, of 1, 1.5, and 2 nm, by degenerate time-integrated four-wavemixing (TI-FWM) using 100-fs pulses in reflection geometry. The TI-FWM correlation traces clearly show an inhomogeneous broadening in all the samples at low temperature (5 K). In Fig. la we show TI-FWM traces at the heavy-hole exciton transition in the 1.5-nm wide well, for resonant excitation at different temperatures. Around 95 K, the trace shows a decay that is no longer exponential for long delay time, while an exponential trend is recovered for short positive delay at higher temperature. This indicates the transition from inhomogeneous to homogeneous broadening with increasing the temperature,2 according to exciton linewidth analysis. The dephasing rate is deduced consequently by dividing the FWM decay rate by a factor of 4 for T 5 80 K, and 2 for T = 110 K, while the transition point is skipped. Also, we measure the density dependence of the dephasing and extrapolate the rate to zero density. The resulting UT, versus temperature is shown in Fig. lb . The acoustic and optical coefficient of the corresponding linewidth broadening have been deduced by fitting the data, as indicated.
In Fig. 2a we report the a (acoustic) and b (optical) phonon coefficient versus L, , for all the investigated samples. We find an increase of a and a decrease of b with increasing L, . The first behavior is in agreement with theoretical predictions in the literature3 if we take into account that for thin InGaAslGaAs quantum wells, an increase of the well width results in an increased carrier confinement due to a reduced penetration into the GaAs barrier, as
shown by the well-width dependence of exciton binding energies and line width^.^ In Fig. 2b the width Le of the square of the electron wave function is reported as a function of L, . The trend of 1/L, is shown in Fig. la as a solid line and results in very good agreement with the dependence of a on L, . In Fig.  2b We demonstrate experimentally that chirping ofbroadband 15-fs pulses has drastic effects on the differential transmission (DT) response of bulk semiconductors for excitation well above the bandgap (see inset of Fig. 1) . In particular, the rise and the initial fast decay of the spectrally integrated (SI) DT response and the shape of DT spectra are modified by chirp in an unexpected way. These new results have an impact on both fundamental studies and ultrafast switching applications as, e.g., mode locking of solid-state lasers.' Experiments were performed on a 200-nm thick Alo~06Gao,,,As sample at 300 K. Upchirping (low-energy components in the leading edge of the pulse) or down-chirping increases the pulse width from 15 fs to 60 fs.
The SI-DT in Fig. 1 shows a pronounced fast decay with a time constant of 20 fs for down-chirped pulses, which is weaker for unchirped and absent for up-chirped pulses. The signal rises considerably faster for up-chirped than for down-chirped pulses even though the pulse widths are equal. This demonstrates that the rise of DT signals is not determined by the pulse width alone, as commonly assumed.
Spectrally resolved studies qualitatively explain these results. For unchirped pulses and negative time delay, the DT spectrum in Fig. 2 shows a spectral hole (bleaching, i.e., positive DT)Z redshifted from the maximum of the pump spectrum and induced absorption (negative DT) at the high-energy side of the pump. The same features were observed for Differential transmission (DT) spectra for unchirped pump and probe pulses (dashed line) and for up-and down-chirped pump and probe pulses (solid lines) at negative time delay where the probe precedes the pump; excitation density -3 * 10'7cm-3. The pump spectrum (shaded) is also shown.
Insets: Schematic picture of the pulse frequency components versus time for up-and down-chirp. The transmission changes induced by the pump energy component marked by the filled circle are read out by the time-delayed probe energy components marked by the filled squares. 
